IMPORTANCE Given the rarity of posterior uveal melanoma in patients younger than 21 years, reporting clinical experience in this area has relevance.
P rimary posterior uveal melanoma (PUM) is a malignant intraocular neoplasm that affects mostly older adults. The mean age at detection of the intraocular tumor in most large series is between 60 and 62 years. 1 The mean annual incidence of this malignant intraocular neoplasm among people of white ancestry (the group most likely to develop the disease) across all age groups has been estimated to be between 5 and 8 new cases per million persons per year, 2, 3 but fewer than 1 new case per million persons per year is generally encountered in individuals younger than 30 years. 4, 5 The percentage of primary PUM cases diagnosed in persons younger than 21 years has been estimated to be approximately 1%. [5] [6] [7] [8] Because of the rarity of such tumors in young persons, few clinicians encounter more than a few such cases over an extended career. Recognizing this infrequency, a retrospective analysis of our clinical experience would be appropriate to provide information about this subgroup of patients with PUM and features associated with this early presentation. The purpose of this study is to describe a cohort of patients younger than 21 years who had a PUM and were evaluated and managed in a single practice over a 33.5-year interval. Tumor clinical features, treatments, and metastatic and survival outcomes are included.
Methods
This is a retrospective descriptive analysis of a defined cohort of patients with primary posterior uveal melanoma. This study received an institutional review board waiver because it uses retrospective deidentified data collected in the University of Cincinnati Ocular Tumors Database. All patient information was kept confidential and used in compliance with the Health Insurance Portability and Accountability Act. This research followed the tenets of the Declaration of Helsinki.
The starting patient group for this study consisted of all patients diagnosed with PUM encountered by 2 of the authors (J.J.A. and Z.M.C.) in their clinical practice between July 1, 1980, and December 31, 2013. The records of all patients in this group who were younger than 21 years at the time of diagnosis and initial treatment were selected for further analysis, including all data from the start of treatment through December 2017 (to permit adequate follow-up time for the most recent patients). The age cutoff for this report was set at 21 years, given that similar studies examining PUM in pediatric patients have historically defined this patient population as younger than 21 years. [4] [5] [6] All of the patients underwent a comprehensive diagnostic ophthalmic physical examination with fundus mapping, photographic documentation of fundus features, and ocular B-scan ultrasonography. Patients and/or their parents or guardians were informed in detail about the clinical diagnosis, expectations for the ophthalmic and systemic prognoses of the patients if untreated, and the recognized potential benefits vs potential risks and limitations of clinical management options (including no treatment) for the diagnosed tumor that were available at that time. 9 Patients who underwent enucleation or transscleral en bloc resection of the intraocular tumor had their tumor tissue submitted to pathology for histopathological analysis and melanoma cell-type classification.
Relevant baseline clinical variables (demographic variables, general ocular status variables, and intraocular tumor variables) [10] [11] [12] ; predisposing factors, such as oculodermal melanocytosis and family history of uveal melanoma or other cancers suggestive of BAP1 tumor predisposition syndrome; initial treatment and when it occurred; histopathological cell type of the tumor, if available; information on whether and when metastasis was detected during available follow-up; and information on whether, when, and why the patient died during available follow-up were abstracted from the patients' ophthalmologic medical records and from external records provided by the patients' oncologists. All metastases were confirmed either by biopsy or appropriate imaging of the affected organ or organs.
Statistical analysis consisted of conventional descriptive statistics computed for the patients in the group, and actuarial (Kaplan-Meier) curves of metastasis, metastatic death, and death from any cause after initial treatment were created. In addition, an actuarial curve for survival after detection of metastatic uveal melanoma was computed for the patients in the series who developed metastasis. Data analysis was completed with SPSS version 7.0 (IBM). Statistical significance was defined as P < .05 (2-sided).
Results
Of 2265 patients with PUM who were encountered during the study interval, 18 patients (0.8%) were younger than 21 years when diagnosed and treated. The baseline clinical features of the patients and tumors in these 18 patients are presented in raw form in Table 1 and in summary form in Table 2 .
The mean (SD) age of the 18 patients with PUM at time of treatment was 16.6 (4.2) years, with a minimum age of 4.4 years and a maximum age of 20.8 years. Just 1 patient in this group was younger than 5 years of age (6%), and 1 other patient was younger than 10 years of age (6%). Two patients in the group were between 10 and 15 years of age (11%), and the remaining 14 patients (78%) were all older than 15 years. Ten of the 18 patients (56%) were female.
Key Points
Question What are the clinical differences observed in cases of posterior uveal melanoma in patients younger than 21 years compared with older patients?
Findings This case series showed that the clinical features of the intraocular tumors are not considerably different than those of other age groups, and it confirmed the rarity of uveal melanoma among patients younger than 21 years. However, these findings indicate that patients younger than 21 years have a relatively high frequency of metastasis and melanoma-associated death.
Meaning Posterior uveal melanoma in patients younger than 21 years appears to have similar if not worse prognosis than the same disease in the patient population overall. The right eye was affected in 9 patients (50%). The bestcorrected distance visual acuity of affected eyes at the pretreatment examination was better than 20/50 in 4 patients (22%), between 20/50 and 20/200 in 8 patients (44%), and 20/ 200 or worse in 6 patients (33%).
The mean (SD) largest basal diameter of the tumor was 12.8 (4.6) mm, and the mean maximal tumor thickness was 7.2 (3.6) mm. The tumor size category according to the TNM classification system, seventh edition, 13 was T1 in 3 cases (17%), T2 in 7 cases (39%), T3 in 6 cases (33%), and T4 in 2 cases (11%).
None of the patients in this group had detectable metastasis on their baseline systemic evaluation prior to treatment. The stage of the PUM at baseline according to the TNM classification system, seventh edition, 13 was stage 1 in 4 cases (22%), stage 2 in 9 cases (50%), and stage 3 in 5 cases (28%). The intraocular tumor was exclusively choroidal in 12 eyes (67%) and involved the ciliary body in 6 eyes (33%). Three of the tumors (17%) extended posteriorly to the optic disc, 6 (33%) had a posterior margin not extending to the optic disc but within 3 mm of the disc, and 9 tumors (50%) were more than 3 mm away from the optic disc. Three of the tumors (17%) were subfoveal, 3 (17%) were extrafoveal but extended to within 3 mm of the foveola, and 12 (67%) were more than 3 mm away from the foveola.
None of these patients had a family history of uveal melanoma or BAP1 tumor predisposition syndrome. Only 1 of the 18 tumors exhibited oculodermal melanocytosis; coincidentally, this was the most advanced tumor in this series, presenting with extrascleral extension (case 1 in Table 1 ). This unusual case has been reported separately. 14 Patients were treated with enucleation of the affected eye in 9 cases (50%), plaque radiotherapy in 5 cases (28%), transscleral en bloc resection in 3 cases (17%), and proton beam irradiation in 1 case (6%). The tumor was evaluated histopathologically in the 12 cases that were managed by enucleation or transscleral tumor extension. This evaluation confirmed the diagnosis of uveal melanoma in each of these cases and identified the tumor cell type as spindle in 5 cases (42%), mixed in 6 cases (50%), and epithelioid in 1 case (8%).
The mean (SD) posttreatment follow-up time among the 18 patients with PUM was 8.5 (6.1) years, with a minimum follow-up of 0.2 years and a maximum follow-up of 21.5 years. The median posttreatment follow-up time of patients who were still living at the time of data analysis was 9.2 years. Figure 1 shows the actuarial (Kaplan-Meier) event rate curve for metastasis in the full group of patients. The cumulative percentage of patients who had developed metastasis 
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was 11% at 3 years (n = 2), 30% at 5 years (n = 5), and 56% at 10 years (n = 8). The median metastasis-free survival time in the group was 9.0 years (95% CI, 7.6-10.4 years). Figure 2 shows the actuarial (Kaplan-Meier) survival curve based on deaths from metastasis in the full group. The cumulative percentage of patients dying of metastasis was 11% at 3 years (n = 2), 31% at 5 years (n = 5), 48% at 10 years (n = 7), and 58% at 15 years (n = 8). The median survival time of these patients was 11.9 (95% CI, 7.3-16.5) years. Because all of the patients who developed metastasis died of their metastasis and no patient who did not develop metastasis died of any other cause during available follow-up, this curve is identical to the overall survival curve for this group. Figure 3 shows the actuarial (Kaplan-Meier) survival curve of the 8 patients who developed metastatic uveal melanoma after detection of that metastasis. The curve documents a median survival time after detection of metastasis in this group of only 2.3 months (95% CI, 0.0-5.2 months). Only 1 of the patients survived for more than 1 year after detection of metastatic uveal melanoma.
Discussion
Uveal melanoma is an uncommon malignant intraocular neoplasm, affecting only about 1 in 2000 to 2500 persons during their lifetimes. 8, 9 Although the average annual incidence of this malignant neoplasm across all age groups has been estimated to be about 5 to 8 new cases per million persons per year, 2,3 the curve of annual incidence by decade of life is extraordinarily low prior to the fourth decade, and then it rises abruptly to approximately 50 new cases per million persons per year by the eighth decade of life. 1,2 Patients younger than 21 years can develop primary uveal melanoma, but they do so much less frequently than adults. 4, 5 Compared with middle-aged and older adults with uveal melanoma, young patients also have historically presented with a greater proportion of iris melanoma rather than PUM. 5, 8 In our single-practice experience, only 18 of 2265 patients (0.8%) with PUM were younger than 21 years. Given the rarity of this presentation, our group decided to review this clinical experience and present clinical features of PUM among young patients, defined as individuals diagnosed with PUM before the age of 21 years. Before discussing survival prognosis, it is interesting to highlight that in this series of young patients with PUM, enucleation was performed as initial treatment in 50% of the cases and transscleral en bloc tumor resection was performed in 17% of cases. Both of these frequencies are substantially higher than those in the older patient subgroups in our practice. We acknowledge the meaningful concerns most parents and guardians have about long-term effects of radiation therapy to the eye in young patients, and we suspect that this concern explains some of the shift toward excisional primary therapies and away from focal radiation therapy methods in this subgroup.
The observed actuarial probabilities of metastasis and metastatic death in any given population of patients with PUM depend on a number of clinical and pathologic determinable factors. [10] [11] [12] [13] [14] [15] The number of patients and deaths in this small series of cases was insufficient for multivariate analysis and identification of any prognostic factors in this subgroup. Interestingly, 1 child in this group (case 1 in Table 1 ) had very advanced disease with extraocular extension and oculodermal melanosis. 14 Despite the aggressive presentation and the acute development of metastatic disease, the gene expression profile in this patient was class 1B.
15,16
Most patients in this study (n = 16 of 18 [89%]) were in their teenage years (13.1 to ≤20 years) when diagnosed with PUM. This finding is consistent with the observation that most patients with uveal melanoma who are young have experienced or are experiencing puberty at the time of diagnosis. 8 In other reported studies of age-unselected cases of posterior uveal melanoma, younger patient age at the time of diagnosis and treatment has frequently been identified as a fa- In our group of patients younger than 21 years, a substantial proportion developed metastasis ( Figure 1 ) and died of that metastasis (Figure 2 ) during available follow-up. Notably, 3 of the 8 patients who developed metastasis in this group did not show evidence of that metastasis until after the fifth posttreatment year. Recognizing that PUM metastasis has been documented to emerge in some patients more than 10 years and occasionally even more than 20 years after enucleation, 19 we suspect that some of the surviving patients in this group may ultimately develop clinically detectable metastasis during longer-term follow-up. What this tells us is that young persons who appear to be survivors of PUM for 5 years or longer posttreatment should not be assured of an ultimate cure. Clinicians should advise such patients and their families about the potential for late emergence of uveal melanoma metastasis after an extended latent interval posttreatment.
Limitations
This study, similar to others looking at this particular age group of patients with PUM, has the limitation of being retrospective and lack of genomic information of these tumors that could potentially give insights to prognosis and survival, thus limiting our ability to fully understand why this patient group had a rate of survival comparable with that of adult patients. To better determine metastatic risk and patient survival probabilities, future studies should include gene expression profile testing and next-generation sequencing for mutation analysis of these tumors. 11, 15, 16 Another important limitation is the small sample size, which is associated the rarity of this occurrence; this does not allow multivariate analysis to provide more insight into this group.
Conclusions
In summary, this study suggests that PUM in patients younger than 21 years has equally bad if not worse prognosis compared with that of patients with PUM in the population overall, and the onset of metastasis seems to occur later than in older patients. Such finding suggests that, unlike the care usually recommended for older patients with PUM, young patients should continue to be monitored by routine surveillance tests for more than 10 years.
